The conventional production of strawberries has been characterized by high use of inputs resulting in chemical waste in the fruit. Strawberry produced on organic cropping system becomes important, because have more economic autonomy to family farms and reaches levels ecological, social and economic sustainability. The production and physicochemical characteristics of four short-day strawberry plants -Campinas, Chandler Dover and Vila Nova -were evaluated in order to obtain information to the development of organic system productive in the northwestern region of Rio Grande do Sul state, in Brazil. The experiment was conducted between May 1 st and November 3 rd , 2014. As regarded production characteristics, in each productive month and in total accumulated of the cycle were evaluated the mass and the quantity of accessory fruit produced by the plant. The physicochemical characteristics were determined through the soluble solid content, titratable acidity, pH and the color of the accessory fruits. Referring to the productivity, 'Campinas' stood on the other cultivars, showing bigger mass and total accessory fruit number. About the relation of soluble solid content and titratable acidity, the cultivars Chandler and Dover reached the best results, whereas the color of the 'Chandler', 'Campinas' and 'Villa Nova' accessory fruits submitted higher °Hue value.
Introduction
Strawberry (Fragaria X ananassa) is a quite susceptible plant to attack by pests and diseases, and the conventional fruit production uses abusive load of chemical inputs, resulting in serious waste problems of these substances in the final product (Darolt, 2008) . According to data from the Pesticide Residue Analysis Program, ANVISA (2013), 59% of samples showed unsatisfactory results, highlighting the importance of the development of production systems that reduce or eliminate pesticides use.
Strawberry chain has great social and economic importance (Brackmann et al., 2001 ), due to have high added value (Henz, 2010) and mobilize producers with varied production scales which cover local and global markets. In this aspect, it is even emphasized the importance of strawberries production in organic system, and according to Moreira (2003) , they are generally more appropriable by family production, due to its greater independence from the economic point of view and potentiation for increasing levels of ecological, social and economic sustainability.
The choice of cultivar to be used is a great importance to the success of strawberry ploughing, and this aspect becomes even more important when organic cropping systems are adopted (Strassburger et al., 2012) . Camargo (2008) and Avila et al. (2012) found significant differences in aspects related to productivity and chemical characteristics of organic strawberry when compared to conventional. Chitarra & Chitarra (2005) assert that quality differs between cultivars of same species according to the origin and production conditions. The productive adaptability characteristics of strawberry require further studies on cultivars behavior in organic cropping system, carried out in the region where intend to develop the production.
The production of the state of Rio Grande do Sul is concentrated essentially in three regions: Vale do Caí, Serra Gaúcha and South region (Specht & Blume, 2011) , however, strawberry production has expanded its production frontier to other regions of the state of Rio Grande do Sul. The northwest region of the state has a higher degree accumulation during the day, with low nighttime temperatures and high at daytime, different from the condition found in commonly strawberry producing regions, highlighting the need for regionalized experiments to better understand the development dynamics of strawberry cultivation, as recommended by several authors (Cansian et al., 2002; Carvalho et al., 2013) in saying that local effect has an influence on the response of different cultivars.
Hence, this study aimed to evaluate production and physicochemical characteristics of four shortday strawberry cultivars produced in organic cropping system, at the conditions of the North-western state of Rio Grande do Sul.
Material and methods
The experiment was conducted in Cerro Largo -RS, with approximate location of latitude 28°08' South, longitude 54°44' West and 230 m altitude above sea level. The site soil was classified as Neosols and Cfa climate according to Köppen.
For the experiment, were used three beds arranged in East-west direction with dimensions of 7.2 mx 1.2 m (length x width), sheltered by short tunnel, with two drip tapes for each bed as irrigation system. It was used double-sided polyethylene of white and black color (250 µm) as ground cover. Acidity and soil fertility correction was performed with limestone shells use, stabilized pig and bovine manures which were incorporated into soil in consistent amounts with prior chemical analysis (Table 1) , before seedlings transplant occurred in 05-01-2014. Fifteen days after transplant carried out the application of Trichoderma spp., in soil by fertirrigation, in order to induce antagonism to gray mold (Botritys cinérea) and anthracnose (Colletotrichum spp.). After seedling transplant, fertirrigation was fortnightly realized with Supermagro biofertilizer 1% concentration and used dose of 250 L ha -1 . For pests and diseases control was used Bordeaux mixture (1%), Neem exctract (Azadirachta indica) 1% and Curamor (Bordeaux mixture and plant extracts product), using for all 1,300 liters mixture per hectare. The use of such products is ensured by the Normative Instruction 17, of the Ministry of Livestock and Supply Agriculture (BRASIL, 2007) , for organic cropping systems. The frequency application of these products varied according to the need observed during the cropping cycle. Sick leaves and fruits were removed weekly as a measure to reduce disease inoculum.
The tested cultivars were Campinas, Chandler, Dover and Vila Nova, characterized as short-photoperiod cultivars, and had positive responses in the four treatments, installed under experimental design of randomized blocks, with three blocks. Each experimental plot consisted of 18 plants, arranged in three rows with 0.3 m spacing between rows and plants, corresponding to 11.11 plants/m². From 18 plants in each experimental unit, three plants located on each one of two sides of the same, were considered borders, thus 12 plants were evaluated in each experimental unit, hence twelve sampling units in each experimental unit.
Accumulated productivity (total) and monthly distribution during the cycle, expressed in grams per plant, number of fruits per plant and mean weight were evaluated. The mass, both total and monthly, were determined by dividing weight by the number of harvested fruits. Only commercial fruit which did not have deformations due to pests and / or diseases were evaluated. Harvests began on 09-01-2014 and lasted until 12-03-2014, totaling 28.
For quality parameters, evaluated physicochemical variables were: soluble solids content (SS), titratable acidity (TA), relation between soluble solids and titratable acidity (SS / TA), pH, and fruit color. During the cycle seven samples were collected and analyzed, performed on 09-11; 09-25; 10-09; 10-23; 11-07; 11-20; and 11-03 these being made in laboratory. Soluble solids content was determined using bench digital refractometer Instrutherm RTD-95. We used the fruit pure juice, and expressed readings in o Brix. The titratable acidity was determined by titrating 10 mL of juice and 100 mL of distilled water to pH 8.1 using 0.1 N NaOH solution, the result was expressed as citric acid percentage. The pH reading was performed with bench digital pH meter MS TECNOPOM mPA-210, as described by Medeiros et al. (2009) . Epidermis color was determined using a Minolta CR 400/410 colorimeter with 8 mm reading diameter and D-65 light source by the color threedimensional space reading L*a*b* also known as the CIE Lab system.
Significant variables by F test (P ≤ 0.05) had means compared to Tukey test at 5 % error probability, though Assistat statistical program.
Results and discussions
Yield showed no significant difference in the first month evaluation (September). In the second evaluation (October), 'Campinas' showed higher production than 'Chandler' and 'Dover', not differing from 'Vila Nova'. In the third evaluation (November), 'Campinas' remained as the more productive cultivar differentiating from 'Vila Nova' and 'Chandler', not differing from 'Dover'. In total accumulated 'Campinas' it was superior to 'Chandler' and 'Dover', not differing from 'Vila Nova' (Figure 1 ). * treatments with means followed by same letter, do not differ each other by Tukey test at 5% error probability. ** There was no statistical significance. CV = 21.2%. Schuch & Barros (2010), whereas evaluating eight strawberry cultivars in conventional production system, in the Depression Central Region of Rio Grande do Sul, found no statistical difference in productivity between the four cultivars evaluated in this study. The yield of cultivar Campinas with 349.87 g plant -1 obtained in this study, exceeded 300.8 g plant -1 indicated by the authors, however, in the case of cultivar Vila Nova, the 234.96 g plant -1 obtained in study, were lower than 367.2 g plant -1 produced in Central Depression of Rio Grande do Sul and may be indicative of different adaptability to the production system and / or cropping region. Castro et al. (2003) conducting experiment in organic production system in Viçosa -MG, and using cultivars Campinas and Dover, showed similar yields to those obtained in this work for cultivar Campinas, in agreement with the results obtained in this work. However, at this same work 'Campinas' does not differentiate from 'Dover', differing from that found in this experiment, in which this cultivar was inferior to 'Campinas'. In an experiment conducted in Paraná, also in an organic system, Silva (2011) indicates differences between 'Dover' and 'Campinas' productions, the first statistically superior to the second, confirming the need for cultivars behavioral assessment in different regions of cultivation.
Regarding to fruit numbers (Figure 2 ), in every month and total accumulated productive cycle were significant differences between treatments. To the mass, differences were significant on September and total accumulated (Figure 3) .
In the first evaluation for fruit number, cultivars did not differentiate among themselves, to the mass, 'Vila Nova' differentiated from 'Campinas' and 'Chandler', producing fruit with higher weight, but not differing from Dover. In the second and third evaluation, Campinas differentiated from the other three cultivars with increased production of fruit number. In accumulated, Campinas showed a larger amount of produced fruits. For the mass, 'Vila Nova' exceeded 'Campinas', not differing from Dover and Chandler. Fruit weight is directly related to its size, which is an influence factor on the choice of cultivars in commercial exploration of strawberry.
Testing 'Dover', 'Campinas' and other four cultivars in Atibaia and Piracicaba, SP, Conti et al. (2002) detached 'Campinas' as the cultivar with more number of fruit in the cycle, not differing from 'Dover'. In the same study, Dover differentiated from Campinas producing fruit with higher weight. The authors also reported considerable differences between the fruit weight of the same cultivar in both cities, indicating different behavior of genotypes between two production regions, since condition management were the same in both experiments. Calvete et al. (2008) , on experiment in conventional system in Passo Fundo, RS, has data in which 'Dover' presents as a cultivar with larger production on number of fruits, statically differentiating from 'Campinas', which does not differ from cultivars with lower production, in disagreement with this work found.
The weight found in this work to 'Vila Nova' fruits of 9.21 g, is superior to the verified by Schuch & Barros (2010) , in central region of Rio Grande do Sul, for the same cultivar. For the same authors and in agreement with the findings, 'Vila Nova' stands on 'Campinas' with fruits with higher weight, does not also differentiating from Dover. In many experiments, similar to this work, 'Campinas' tends to differentiate as fruit holder cultivar with lower weight, or at last, does not differ from smaller ones (Conti et al., 2002; Silva, 2011; Castro et al., 2003; Schuch & Barros, 2010) .
Analyzing all three production-related factors (productivity, mass and number of fruits), 'Campinas' is the cultivar with increased production, mass and number of fruits, however with mean fruit weight, is significantly inferior to the others. 'Vila Nova', in turn, total productivity does not differ from 'Campinas', with smaller fruits numbers. Owing to this characteristic, 'Vila Nova' has presented the highest mean fruit weight. Cultivars with large number of fruit and lower mean weight, as cultivar Campinas, are preferred for processing, while cultivars with higher weight, such as 'Vila Nova' are intended for fresh consumption.
For quality parameters, coloration shows significant differences between the four cultivars (Table 2 ). * treatments with means followed by same letter, do not differ each other by Tukey test at 5% error probability. CV = 20.4%. * treatments with means followed by same letter, do not differ each other by Tukey test at 5% error probability. ** There was no statistical significance. CV = 12.0%. * Treatments with means do not followed by same letter vertically differ each other by Tukey test at 5% of error probability. ** There was no statistical significance.
Cultivars Chandler, Campinas and Villa Nova had superior values of Hue angle. 'Dover' had inferior results to 'Chandler' and 'Campinas'. Hue angle indicates the value in degree corresponding threedimensional diagram of colors, as 0º -red, 90º -yellow, 180º -green and 270º -blue . Thus, lower values of Hue angle indicate coloration nearest to deep red, where 'Dover' detaches among cultivars for presenting fruits with more intense color. Deep red color is a preferred feature by the consumer, although usually do not change the nutritional value of these (Chitarra & Chitarra, 2005) .
Cultivars Campinas and Chandler had higher soluble solid contents compared to 'Dover', do not differing from 'Villa Nova' (Table 1) . Conti et al. (2002) in similar work in Atibaia and Piracicaba, in State of São Paulo, also observed that soluble solids concentration in 'Campinas' was higher than 'Dover'. Borsatti et al.(2009) , in a study on testing cultivars performed in Paraná, also found low values for soluble solids concentration to cultivar Dover (5.57). Soluble solids content is important to meet the costumer market demand that prefer sweet fruits. Soluble solids are a climate-dependent parameter (Chitarra & Chitarra, 2005) , i.e., differentiated conditions of the region in question may have significantly influenced on soluble solid contents.
Regarding titratable acidity, 'Campinas' and 'Villa Nova' obtained the highest values. The relation between soluble solids and titratable acidity values ("ratio") is one of the most significant variables in evaluating fruit flavor, where cultivar Chandler detached, compared to Campinas and Villa Nova, does not differing from Dover.
Cultivar Chandler has, as described above, high soluble solids content and low acidity index, providing the highest values of "ratio" found. The values for soluble solids in cultivar Dover were low; however, its low acidity content allowed the good performance in of "ratio" evaluation. 'Villa Nova' and 'Campinas' obtained similar results of soluble solids and high acidity, providing low "ratio" values.
The titratable acidity values found in this study (Table 1) can be considered superior, although lower soluble solids values are commonly found in the literature. The harvest point used (75% of red color) can interfere considerably in the present fruit acids content, and according to Brody (1996) , during the maturation process organic acid content tends to decrease due to oxidation in citric acid cycle as a result of breathing.
For pH assessments, data were not significant ranging from 3.27 ('Campinas') to 3.45 ('Chandler'), as shown in Table 1 .
Conclusions
Considering set of information, for the conditions of North-western of the State of Rio Grande do Sul and in organic cropping system of production, cultivars 'Campinas' and 'Vila Nova' proved to be the most productive. 'Campinas' showed the largest number of produced fruits, however fruit with lower weight. 'Vila Nova presented fruits with higher weight, but lower quantity of fruit. Cultivars Chandler and Dover had higher soluble solids / titratable acidity relation ("ratio"), and Dover showed lower soluble solid contents and greater characteristic of deep red colour in its fruits.
